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[57] ABSTRACT

A color separation prism assembly includes an imaging lens,
a blue light separation prism, a red light separation prism
and a green light transmission prism, arranged in this order
behind the imaging lens. A blue light reflecting dichroic
layer is located between the blue light separation prism and
the red light separation prism. A red light reflecting dichroic
layer is located between the red light separation prism and
the green light transmission prism. The prism assembly
satisfies the relationships defined by

20°<0<22%;
and
35°<PB<37°,

wherein o represents an angle defined between a light
incident surface of the blue light separation prism, perpen-
dicular to an optical axis of the imaging lens and the blue
light reflecting dichroic layer, and [ represents an angle
defined between a light incident surface of the red light
separation prism, parallel to the blue light reflecting dichroic
layer and the red light reflecting dichroic layer.

2 Claims, 1 Drawing Sheet

10
¥




U.S. Patent Sep. 16, 1997 - 5,668,664

Fig.1

- 20

/L
11a 4
(21)

22 d
o
# Rd
0’
17




5,668,664

1

COLOR SEPARATION PRISM ASSEMBLY
FOR C-MOUNT CAMERA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a color separation prism
assembly which can be used in a C mount type color TV
camera.

2. Description of the Related Art

In general, a conventional three tube or chip type color TV
camera includes a color separation prism assembly provided
behind a photographing lens which separates light incident
thereupon from the photographing lens into three primary
colors: blue, red and green. An image pickup tube or a CCD
is provided on an image forming surface for each color
image.

A large color TV camera having a flange back of 48 mm
or 58 mm (conversion spatial distance, or reduced distance),
for commercial use in a TV station, and a small C mount
type color TV camera having a length of 17.526 mm
(conversion spatial distance, or reduced distance) derived
from a 16 mm camera, are known. A C mount type CCTV
camera is usually used in a surveillance system.

In a large camera having a long length, there is sufficient
space to accommodate a large color separation prism assem-
bly behind the photographing lens. Hence, a high resolution
and a faithful color reproduction can be relatively easily
obtained by the color separation prism assembly. However,
in a small C mount type color TV camera having a short
length, it is difficult to arrange therein a large color separa-
tion prism assembly. Thus there has been a need to develop
a color separation prism assembly for a C mount type color
TV camera in order to obtain a high resolution and a faithful
color reproduction.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a color
separation prism assembly which can be used in a C mount
type color TV camera.

To achieve the object, according to the present invention,
there is provided a color separation prism assembly having
an imaging lens, a blue light separation prism, a red light
separation prism, and a green light transmission prism,
arranged in this order behind the imaging lens. A blue light
reflecting dichroic layer is located between the blue light
separation prism and the red light separation prism. A red
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light reflecting dichroic layer is located between the red light

separation prism and the green light transmission prism. The
color separation prism assembly satisfies the following
relationships:

20°<oi<22° (1)

(2)

wherein o represents the angle defined between a light
incident surface of the blue light separation prism, perpen-
dicular to an optical axis of the imaging lens, and the blue
light reflecting dichroic layer, and [J represents the angle
defined between a light incident surface of the red light
separation prism, parallel to the blue light refiecting dichroic
layer, and the red light reflecting dichroic layer.

These angles ¢ and 3 make the color separation prism
assembly small and thin.

Preferably, the prisms are all made of a material whose
refractive index n is larger than 1.7 (n>1.7). If the refractive
index n is Jarger than 1.7, the prisms can be accommodated

within the length of the C mount.

35°<B<37°
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The present disclosure relates to subject matter contained
in Japanese Patent Application No. 7-147586 (filed on Jun.
14, 1995) and Japanese Patent Application No. 8-5860 (filed
on Jan. 17, 1996) which are expressly incorporated herein by
reference in their entirety.

BRIEF DESCRIPTION OF THE DRAWING

The present invention will be described below with ref-
erence to the accompanying drawing of which FIG. 1
schematically shows a C mount type color TV camera
having a color separation prism assembly by way of
example, according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 shows a C mount type color TV camera 10 having
a color separation prism assembly 30 according to the
present invention. The C mount type color TV camera 10 is
provided with a C mount 11, which is engaged by a lens
mount 20. The lens mount 20 is provided with a threaded
portion 21 engages with a threaded portion 1la of the C
mount 11, and holds a photographing lens 22. A holder 14
holds a low-pass filter 12 and an infrared cutting filter 13
which cuts infrared radiation. The color separation prism
assembly 30 is provided behind the low-pass filter 12 and the
infrared cutting filter 13. The color separation prism assem-
bly 30 separates light converged by the photographing iens
22 into three color components, i.e., blue, red and green light
components. The three color components are respectively
incident upon a blue CCD 18, a red CCD 16 and a green
CCD 17.

- The color separation prism assembly 30 consists of a blue

light separation prism 31, a red light separation prism 32 and
a green light transmission prism 33 in this order from the
infrared cutting filter 13. The blue light separation prism 31
and the red light separation prism 32 are slightly spaced
apart. The red light separation prism 32 is cemented to the
green light transmission prism 33.

The blue light separation prism 31 consists of a light
incident surface 31a perpendicular to an optical axis O of the
photographing lens 22, a blue light reflecting dichroic layer
315 and a blue light emission surface 3lc.

The red light separation prism 32 includes a light incident
surface 32a, which is parallel with the blue light reflecting
dichroic layer 315, a connecting surface which connects the
red Light separation prism 32 with the green light transmis-
sion prism 33, and a red light emission surface 32c¢. The
connecting surface is provided with a red light reflecting
dichroic layer 32b.

The green light transmission prism 33 consists of a light
incident surface 33a; parallel with the red light reflecting
dichroic layer 32b; and a green light emission surface 335
perpendicular to the optical axis O of the photographing lens
22.

Light transmitted through the photographing lens 22 is
incident upon the light incident surtface 31a of the blue light
separation prism 31. The blue light refiecting dichroic layer
315 reflects the blue light component and transmits the other
light components therethrough. The reflected blue light
component, is totally reflected by the light incident surface
31a before transmitting through the blue light emission
surface 31c¢. The blue light is emitted incident upon the CCD
15 for blue light (blue CCD) through a glass filter 31d.

Light transmitted through the blue light refiecting dichroic

layer 315 is incident upon the red light separation prism 32

through the light incident surface 32q thereof. The red light
component is refiected by the red light reflecting dichroic
layer 325, and the other light components transmit through
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the red light reflecting dichroic layer 32b. The reflected red
light component, is totally reflected by the light incident
surface 32a before transmitting through the red light emis-
sion surface 32¢. The red light emerges and is incident upon
the CCD 16 for red light (red CCD) through a glass filter
324d.

The light component transmitted through the red light -

reflecting dichroic layer 325, is incident upon the green light
transmission prism 33 at the light incident surface 33a
before transmitting through the green light emission surface
33b of the green light transmission prism 33. The green light
emerges and is incident upon the CCD 17 for green light
(green CCD) through a glass filter 334. The output of the

blue CCD 18. the red CCD 16 and the green CCD 17 are
combined to form a color image to be viewed.

In the color separation prism assembly having the basic
functions as mentioned above, the present invention is
characterized by the angle (apex angle) o, defined by the
light incident surface 31a of the blue light separation prism
31 and the blue light reflecting dichroic layer 315, and the
angle (apex angle) [, defined by the light incident surface
324 of the red light separation prism 32 and the red light
refiecting dichroic layer 32b. Also, the present invention is
characterized by the refractive index of the material of
which the blue light separation prism 31, the red light
separation prism 32, and the green light transmission prism
33 are made. Namely, according to the present invention, the
color separation prism assembly satisfies the following
relationships:

20°<0<22° 1)
35°<B<37° (2)

If the angles o and 3 are below the respective lower
limits, the color separation prism assembly is small and thin,
but each prism must be made of a material having a high
refractive index, which limits the selection of appropriate
glass materials. Conversely, if the angles of and [3 are above
the respective upper limits, all the prisms 31, 32 and 33 can
be made of a material having a relatively low refractive
index, but it is difficult to have all the light components
incident upon the corresponding CCDs. Moreover, it is
difficult to arrange the color separation prism assembly
within the length of the C mount. Specifically, the blue light
component 1s reflected by the blue light reflecting dichroic
layer 315 and the other light components are transmitted
therethrough. If the apex angle ¢ of the prism 31 is above the
upper limit, even if the prism 31 is made of a glass having
a high refractive index, it is difficult to transmit ali the light
components other than the blue light component through the
blue light reflecting dichroic layer 315 without being totally
reflected thereby. Furthermore, the blue light component,
reflected by the blue light reflecting dichroic layer 315, is
totally reflected by the incident surface 31a to be made
incident upon the blue CCD 13. If the apex angle o is below
the lower limit, even if the prism 31 is made of a glass
having a high refractive index, it is difficult to reflect the blue
light component by the light incident surface 31a to thereby
have the blue light component incident upon the blue CCD
15. Moreover, in view of the mechanical arrangement of the
blue CCD 185, the optical path length within the prism 31
increases as the apex angle o increases, thus resulting in an
increased possibility of interference of the CCD 15 with the
prism 33.

The red light component incident upon the incident sur-
face 32a of the red light separation prism 32 is reflected by
the red light reflecting dichroic layer 32b and the other light
components are transmitted therethrough and reaches the
green CCD 17. The red light component reflected by the red
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light reflecting dichroic layer 32b is totally reflected by the
incident surface 32a and reaches the red CCD 16. If the apex
angle B of the prism 32 is smaller than the lower limit, even
if the prism 32 is made of a glass having a high refractive
index, it is difficult to totally reflect the red light component
by the incident surface 32a in order to have the red light
component incident upon the CCD 16. Moreover, in view of
the mechanical arrangement of the red CCD 16, the optical
path length in the prism 32 increases as the apex angle [3

increases, thus resulting in an increased possibility of inter-
ference of the CCD 16 with the C mount 11 (threaded
portion) of the camera body or the holder 14 of the low-pass
filter 12 and the infrared cutting filter 13.

It is preferable that the refractive index n of the glass
material of which the blue light separation prism 31, the red
light separation prism 32 and the green light transmission
prism 33 are made be larger than 1.7 (i.e. n>1.7).

If the color separation prism assembly meets this
requirement, the relationship defined by formulae (1) and (2)
mentioned above can be easily established.

The blue light separation prism 31 whose apex angle B
was 21.0° and the red light separation prism 32 whose apex
angle [ was 36.0° were experimentaily obtained. In the
experiment, the length of the C mount 11 of the camera body
was 17.526 mm and the length of the threaded portion 11a
of the C mount 11 was 3.5 mm. The holder 14 which held
the low-pass filter 12 of 0.7 mm thickness and the infrared
cutting filter (infrared radiation cutting filter) 13 of 1.0 mm
thickness, was arranged in the camera body so as not to
interfere with the threaded portion 1la. The blue light
separation prism 31, the red light separation prism 32 and
the green light transmission prism 33 were made of
LaSFO16 (refractive index n=1.77250).

As can be understood from the above discussion, accord-
ing to the present invention. a color separation (three color
separation) prism assembly which can be used with a C
mount type color TV camera can be obtained.

What is claimed is:

1. A color separation prism assembly, comprising:

an 1maging lens;

a C-mount upon which said imaging lens is mounted;

a blue light separation prism having a light incident
surface perpendicular to an opticat axis of said imaging
lens, a red light separation prism, and a green light
transmission prism. arranged in this order behind said
imaging lens and said C mount;

a blue light reflecting dichroic layer located between said
blue light separation prism and said red light separation
prism, and parallel to a night incident surface of said
red light separation prism; and

a red light reflecting dichroic layer located between said
red light separation prism and said green light trans-
Iission prisim;

wherein said color separation prism assembly satisfies the
following relationships:

20°<0<22°
35°<B<37°

wherein,

O represents an angle defined between said light incident
surface of said blue light separation prism and said blue
light reflecting dichroic layer; and

B represents an angle defined between a light incident
surface of said red light separation prism, parallel to
said blue light reflecting dichroic layer, and said red
light reflecting dichroic layer.

2. The color separation prism assembly according to claim

1, wherein a refractive index of each of said blue, red, and
green prisms is larger than 1.7,
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